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Performing a Solder Fatigue Analysis with Sherlock and ANSYS Workbench is Fun! 

Gil Sharon, Nathan Blattau and Tyler Ferris 
gsharon@dfrsolutions.com 

This is a step by step guide to performing a solder fatigue analysis of BGA balls loaded in shear due to 
temperature cycling. 


1. 


Make the BGA model in Sherlock 

Import the ODB++ files for the BGA and the board in to Sherlock 
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The black dots are mount pads. The yellow area is the BGA epoxy overmold material. The blue 
line is the package outline. There is a die with several passive capacitors encased in the 
overmold for demonstration purposes. 


P.loint Point Properties 

TT53 

I Mount Pad 
j mm 

, BOTTOM 
0.54 
SA 03-05 


Shape Type: 
Circle Diameter: 
Number of Nodes: 



P.lount Point ID: 
P.lount Point Type: 
Mount Point Units: 
Mount Point Side: 
P.lount Point Height: 
Mount Point P.laterial: 

P.lount Point Shape 



The mount point height is the solder ball thickness. The number of nodes can be set to 8 for 
most of the solder balls. It would probably be more beneficial to set the number of nodes to 20- 
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30 for any ball that is intended to be modeled in detail in Abaqus. In this example, one of the 
corner balls is selected. 



The BGA is assembled on to the board. The board outline is adjusted because we don't need to 
model the whole board. An area of the board is sufficient for solder fatigue modeling purposes. 
It is possible to export the whole board in some cases like overconstrained boards or 
components that are close to mount points. 

Export the FEA model as a STEP file from Sherlock. 
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3. Open ANSYS Workbench 

4. Drag a "Transient Structural" analysis system to the Project Schematic 


Toolbox 


Project Schematic 


□ Analysis Sy stents 


Design Assessment 
Hj| Eigenvalue Buckling 
m Electric 

Explicit Dynamics 
& Harmonic Response 

Hydrodynamic Diffraction 
m Hydrodynamic Response 
Modal 

|[j| Random Vibration 
|lj| Response Spectrum 
^ Rigid Dynamics 
Static Structural 
Q Steady- State Thermal 
(§3 Thermal-Electric 
I Transient Structural 


Transient Thermal 


□ Component Systems 



Drag&Drop 
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5. Import the Solder material SAC305.xml 
a. Double Click "Engineering Data" 


w 

A 


1 

^ Transient Structural 

2 | 

--'■■'I Engineering Data | 


3 

Geometry 


4 

# Model 

f . 

5 

^ Setup 

n A 

6 

Solution 

o J 

7 

^ Results 

n A 


Transient Structural 


b. 


c. 


Click "Engineering Data Sources" on the top left menu 

File Edit View Tools Units Extensions Jobs Help 


■ :; z 

\3 

A 

A 


/ Filter Engineering Da 




MiZumm flaP ata x 


Engineering Data Sources 




□ Physical Properties 


i ie or Schematic A2: Engineering D 


|^Engineenn^DataSou^e^| ^ 


1 1 Contents of Enoineerina 

Click on the "Add an existing data source from file" button next to the "Click here to 

add a new library" in the "Engineering Data Sources" window 


The "Add an existing data source from file" button looks like this: 


Engineering Data Sources 


— 



B 

C 

D 

1 

Data Source 


Location 

Description 

e 

5 

Iffll Explidt Materials 

□ 


Material samples for use in an explidt 
analysis. 

6 

Hyperelastic Materials 

□ 

& 

Material stress-strain data samples 
for curve fitting. 

7 

Magnetic B-H Curves 

□ 

& 

B-H Curve samples spedfic for use in 
a magnetic analysis. 

3 

mi Thermal Materials 

□ 

& 

Material samples specific for use in a 
thermal analysis. 

9 

jfil Fluid Materials 

□ 

a 

Material samples specific for use in a 
fluid analysis. 

10 

Composite Materials 

□ 

& 

Material samples specific for 
composite structures. 

:ic 

Click here to add a new library 


—T. 
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d. Browse to the SAC305.xml file and click Open 

A ope 


x 


^ LJ « Desktop > 


V 0 

Search Desktop 

p 

Organize ▼ Newfolder 

A OneDrive 

A 


S== T 

Date modified 

a © 

Type 

□ This PC 

Desktop 



6/14/20172:26 PM 

6/14/20172:27 PM 

6/14/20172:27 PM 

File folder 

File folder 

Filefolder 

i Documents ||j| sac^.^I 1 



7/3 1/201 7 7: 16 AM 

XML Doa 


Music 

S Pictures 
HI Videos 
_ Windows 10 CC:] 


v < 

File name: 


SAC 305. xml 


AUTODYN Material Files C*.xml) v 


l fl p £n 1 


Cancel 


e. 


The "FILE.xml" material file can be downloaded from: 

https://archive.org/download/Solders 

Right click on "Solders.xml">Save Link As... 

This file contains the ANSYS material inputs for SAC305 and eutectic 63Sn37Pb. Verify 
these properties before using. 

In the "Outline of SAC305" window click the plus button next to SAC305 to add the 
material to the project's "Engineering Data" 


Outline of SAC305 


T A X 



A 

B 

c 

D 

E 

1 

Contents of SAC30 5 > 

Add 

Source 

Description 

2 

B Material 

3 

% 


r 



4 

% SAC305 


| 



5 

% 


r 




A little purple book icon should appear 

% SAC305 | ^ f#l 
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f. Clicking on this icon will show the properties in the "Properties of Outline Row: SAC305" 
Window 


Property 

of Outline Row 4: SAC305 


▼ -P X 


A 

B 

c 

1 

Property 

Value 

Unit 

2 

'P\ Density 

7.33E-Q6 

kg mm A -3 

3 

rt^l Isotropic Instantaneous Coefficient 
^ of Thermal Expansion 

2.35E-Q5 

iH 

l 

< 

u 

4 

□ ^ Isotropic Elasticity 



5 

Derive from 

Young's Modulus and Poisson's Ratio 


6 

Young's Modulus 

51000 

MPa 

7 

Poisson's Ratio 

0.36 


8 

Bulk Modulus 

60714 

MPa 

9 

Shear Modulus 

18750 

MPa 

10 

E ^ Anand Viscoplasticity 



ii 

Reference Units {Stress, Temperature, 

Per Time) 

MPa, K, s A -l 


12 

Initial Deformation Resistance So 

2.15 


13 

Activation Energy Q/Universal Gas 
Constant R 

9970 


14 

Pre-exponential Factor A 

17.994 


15 

Multiplier of Stress ^ 

0.35 


16 

Strain Rate Sensitivity of Stress m 

0.153 


17 

Hardening/Softening Constant ho 

1526 


18 

Coefficient for Deformation Resistance 
Saturation S 

2.536 


19 

Strain Rate Sensitivity of Saturation 
{Deformation Resistance) n 

0.028 


20 

Strain Rate Sensitivity of Hardening or 
Softening a 

1.69 



g. Click Engineering Data Sources at the top left 

File View Tools Unite Extensions Jobs 


Help 


tj l 3 id 


A2:Engineering Data X 


/ Filter Engineering Dati 


Toolbox 


Engineering Data Sources 


^ Z X 


Engineering Data So 


E Physical Properties 
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h. 


The "Outline of Schematic: Engineering Data" window should now have a SAC305 entry 


Outline of Schematic A2: Engineering Data 


A 

B 

C 

D 


1 

Contents of Engineering Data 

Q 

$ 

Source 


2 

H Material 

3 

% PCB 

zl 

□ 

is c 


4 

SAC 30 5 

zl 

□ 



5 

Substrate 

_zl 

□ 

IS ^ 


* 

Click here to add a new material 

— 



— 


Close the "Engineering Data" tab 
File Edit View Tools Units Extensions Jobs Help 


u? d jA Project ^ A2:Engineering Data 

/ Filter Engineering Data Engineering Data Sources 
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6. Import the Sherlock created geometry to ANSYS Workbench 
a. Right Click "Geometry>lmport Geometry>Browse" 

▼ A 


2 

Engineering Data 

s/ 

3 

0 Geometry 

f ■ 

4 

# Model 


5 

^ Setup 


6 

£jh Solution 


7 

Results 

*§> 


Transient Structural 


£53 New SpaceClaim Geometry,.. 

Cfi9 New DesignModeler Geometry . . . 


Import Geometry ► 

Browse... 

-J Duplicate 

Transfer Data From New ► 

Transfer Data To New ► 


^ Update 

Update Upstream Components 

Browse from Repository . . . 


b. Select the FILE.stp for the BGA and click "Open" 

c. Right click "Geometry>Edit Geometry in SpaceClaim..." 


W 

A 




1 

^ Transient Structural 


■1 


2 

^ Engineering Data 




3 | 

,[ii|] l | Geometry 

TZ2 


4 

0 Model 

£ 

C5] Edit Geometry in SpaGeClalm... 

5 

Setup 


Edit Geometry in DesignModeler. . . 


6 

£j|j Solution 

o 

Replace Geometry 

► 


Design Insert Detail Display Measure 


d. "Repair>Stitch" then click the green check mark 

iij Home T 

fgj Plan Viet _ 

Split 

9 t SS ® Missing Faces Edges 

Orient Solidify 




Click to set a secondary selectioi 



Press FI foe more help. 


^ Ik 


2 
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e. "Repair>Missing Faces" then click the green check mark 


| File Design Insert 

Detail Display 

Measure 

(■} Home T 

ft < > 

Stitch 

Extra Edg- 

■^jPlan View 

Zoom to Fit 


a - & 

Clip VolumJ 

® Missing Faces 

Tppl it pss 0up| icates 

Edges 

Orient 

Navigate ^ 


J Fix 
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7. Modify the model geometry for the solder ball of interest 


Modified Solder Joint Geometry 



The top and bottom layers are made of solder and are used to track the damage in the top and 
bottom of the ball. The thickness of the solder layer should be between 10% to 20 % of the total 
solder thickness. The shape and mesh of the solder ball should be modeled with great care. 

It is recommended to create a detailed model for the corner ball or the ball under the die 
corners. 

The pads are made of copper. 
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8. Select the BGA structure and Share topology>Share 


Structure 
A 0[si BGA* 




0 

0 

BGA 



0 

0 

BGA_ 

_AP 

014 

0 

0 

BGA_ 

_AP 

011 

0 

0 

BGA_ 

_AP 

001 

0 

0 

BGA_ 

_AP 

017 

0 

0 

BGA_ 

_AP 

_006 

0 

0 

BGA_ 

_AP 

023 

0 

0 

BGA_ 

_AP 

003 

0 

0 

BGA_ 

_AP 

015 

0 

0 

BGA_ 

_AP 

013 

0 

0 

BGA_ 

_AP 

_004 

0 

0 

BGA 

_AP 

010 

0 

0 

BGA_ 

_AP 

002 

0 

0 

BGA_ 

_AP 

016 

0 

0 

BGA_ 

_AP 

025 

0 

0 

BGA_ 

_AP 

012 

0 

0 

BGA_ 

_AP 

019 

0 

0 

BGA_ 

_AP 

021 

r~gl 


p,-na 


nm 


I Structure 


ayers Selection Groups Views Options - Pu 


Properties 

Shane Topology 

v Document 


Display Name 
Document Path 

BGA 


9. Exit SpaceClaim 

10. Open Mechanical by double clicking "Model" 


w 

A 

1 

^ Transient Structural 

2 

Engineering Data 


3 

j 

ES3 Fipr.mptrv 


4 

0 Model 


1 

5 



6 

£j|] Solution 

a j 

7 

(jf) Results 

^ A 

a J 


Transient Structural 
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11. Assign the SAC305 material to the solder balls 

a. Open the Model>Geometry>SYS and select the BGA balls by using the Shift and Ctrl 
buttons 
ISTI Project 

a lei 1 | 

S Geometry 

'a SYS 

? ® PCB 
t ® BGA 

® BGA_AP_011 


b. 


? ® BGA_AP_017 
? ® BGA_AP_006 
In the properties section: "Material>Assignment>SAC305" 


Details of "Multiple Selection" 


Graphics Properties 

Definition 

Suppressed 

No 

Stiffness Behavior 

Flexible 

Coordinate System 

Default Coordinate System 

Reference Temperature 

By Environment 


None 

iMateriall 


p 


Nonlinear Effects 


Thermal Strain Effects 


Yes 


Yes 


Bounding Box 


Properties 




Multiple Selection [25 Objects Selected) 

12. Assign the rest of the materials to the various body parts in a similar way 


\ G eom etiy X P ri nt 


Messages 


Text 


^ New Material... 
^ Import... 


% PCB 
Substrate 
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13. Create "Named Selections" and select the volumes of interest in the solder balls 

Name the selections in uppercase letters without spaces or special characters. In this example, 
the named selection will be called "BALL1" 

a. Right click "Model>lnsert>Named Selection" 



fi- , v J S | Geomi 
a Jw 


Solve CF5) 


Q Show All Bodies 


| Clear Generated Data 
alb Rename [FZ] 


"jj Disable Filter 


^ Construction Geometry 


£][] Virtual Topology 


\dj\ Symmetry 


Remote Point 


Afe Fracture 


b. Click the "Geometry" property and use the body selection tool to select the solder 
geometry of interest. 




- 

Scope 


Scoping Method 

Geometry Selection 


Geometry 

Flo Selection 1 

- 

Definition 



Send to Solver 

Yes 


Visible 

Yes 


Program Controlled Inflation 

Exclude 

- 

Statistics 


File Edit View Units Tools Hel 

T 

■ 

* t v m © 

n@ 

■T a 

| 1 C$3 ’ 

Show Vertices Close Vertices 

' BodvfCtrk 

Size t ^Location ^ (JJ Convert T 

Miscellaneo 


'=■! i"i 1-. 1- 1 _ -1 _ r_ —L I 


Select the solder geometry 
Click "Apply" 


Details of "Selection 11 


Scope 

Scoping Method 

Geometry Selection 

Geometry 

Apply | Cancel 

Definition 

Send to Solver 

Yes 

Visible 

Yes 
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c. Right click "Selection>Rename" and set the name to "BALL1" 

□ Named Selections 


BALL1 


14. Repeat for any other solder volumes of interest. 

Note: it is possible to create the named selections for elements after the meshing process. 

15. Set the solver unit systems and save the database file 

a. "Analysis Settings>Analysis Data Management>Save MAPDL db>Yes" 

b. "Analysis Settings>Analysis Data Management>Solver Units>Manual" 

c. "Analysis Settings>Analysis Data Management>Solver Unit System>nmks" 


Analysis Data Management ii 

Solver Files Directory 

C:\Us ers\ 

Future Analysis 

None 

Scratch Solver Files ... 

C:\Us ers\ 

Save MAPDL db 

Yes 

Delete Unneeded Fi... 

Yes 

Nonlinear Solution 

Yes 

Solver Units 

Manual 

Solver Unit System 

|jmks 
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16. Create the temperature cycle and apply it to the model 

In this example the temperature cycle is a (-40)°C to 125°C cycle that takes one hour per cycle 

ANSYS Temperature Cycle 
150 
125 



Time [s] 

Temperature [°C] 

Start of Cycle 1 

0 

-40 


1200 

-40 


1800 

125 


3000 

125 

Start of Cycle 2 

3600 

-40 


4800 

-40 


5400 

125 


6600 

125 

End of Cycle 2 

7200 

-40 


— 100 
u 

^ 75 

| 50 
a) 

I 25 

<L> 

I- 0 
-25 
-50 






/ Cycle 1 \ 

4 

j 

/ \ 

. / 



/ 

/ 


\ t 

3 1200 

2400 

3600 4800 


Cycle 2 


6000 


7200 


Time [s] 


a. 


Right click "Transient>lnsert>Thermal Condition" 

EE Coordinate Systems 

Connections 
Mesh 

□ (55 Named Selections 

BALL1 


El ?\l 


Transient [AE 


Initial Con 

7 ^ Analysis S 

□ 7IS] Solution 

| Solu 


®d Remote Force 
Q?, Bearing Load 
^ Bolt Pretension 
^ Moment 
Q, Line Pressure 


-4 Solve (F5) 


S 


O Show All Bodies 


Thermal Condition 

JUINL LLIJLI 


D 


Fluid Solid Interface 


b. Select the Geometry 

Details of "Thermal Condition" 


Scope 


Geometry Selection 

Geometry 

Apply | Cancel 


Type 

Thermal Condition 

Magnitude 

22. °C (step applied) 

Suppressed 

No 


Use the box selection tool to select the whole model 

File Edit View Units Tools Help [fj . 

\ ia Eli 1 

P ' ShowVertice^T^C lose Vertices 3 . 3 e -002 

Size t ^Location T [J*] Convert t N 

Click and drag to make a box around all the geometry 
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Click&Drag 



Click "Apply" 


Details of "Thermal Condition" ^ 


- 

Scope 




Geometry 

Apply 

Cancel 

- 



Type 

Thermal Condition 


Magnitude 

22. T (step applied) 


Suppressed 

No 


c. Click "Analysis Settings>Step end time" 

: bALL1 

a - Transient [AS] 


□ ? fffi| Solution (AG) 

gm Solution Information 





- 

Step Controls 


Number Of Steps 

1 . 


Current Step Numb^ 



Step End Time 

LJ 


Auto Time Stepping 



Define By 

Time 


Initial Time Step 0. s 

Minimum Time Step 0. s 

Maximum Time Step 0. s 


-I 


Time Integration 
Solver Controls 


On 
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d. Enter the "Step End Time", "Initial Time Step", "Minimum Time Step" and "Maximum 
Time Step" 


Details of "Analysis Settings 11 

B 

Step Controls 



Number Of Steps 

1 . 


Current Step Number 

1 . 


Step End Time 

1200. s 


Auto Time Stepping 

On 


Define By 

Time 


Initial Time Step 

BOO. s 


Minimum Time Step 

100. s 


Maximum Time Step 

600. s 


e. Change the number of steps to "2". Change the current step number to "2" 

Enter the "Step End Time", "Initial Time Step", "Minimum Time Step" and "Maximum 
Time Step" 


- 

Step Controls 


Number Of Steps 

2. 


Current Step Number 

2. 


Step End Time 

1800. s 


Auto Time Stepping 

On 


Define By 

Time 


Carry Over Time Step 

Off 


Initial Time Step 

300. s 


Minimum Time Step 

100. s 


Maximum Time Step 

600. s 


Note: The "Step End Time" is set by the temperature cycle but the time steps are 
adjusted for convergence. Be aware that some load and geometry combinations will 
need different settings than the ones used in this example, 

f. Repeat until all eight steps are defined 

Tabular Data 



Steps 

End Time [s] 

1 

1 

1200. 

2 

2 

1800. 

3 

3 

3000. 

4 

4 

3600. 

5 

5 

4800. 

6 

6 

5400. 

7 

7 

6600. 

8 

8 

7200. 

* 
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g- 


Click "Thermal Condition" 

Enter the temperature profile in the "Tabular Data" 


Tabular Data 


125 . 

75 . 

25 . 



Steps 

Time [s] 

p" Temperature [ 3 C] 

1 

1 

0 . 

-40. 

2 

1 

1200. 

-40, 

3 

2 

iaoo. 

125. 

4 

3 

3000. 

125. 

5 

4 

3600. 

-40. 

6 

5 

4300. 

-40. 

7 

6 

5400. 

125. 

a 

7 

6600. 

125. 

9 

a 

7200. 

-40, 


h. More than two temperature cycles may be desired in some cases. Use the above 
procedure to create as many cycles as needed. 

17. Create the appropriate boundary conditions: 

Note: The boundary conditions depend on the type of model. Quarter symmetry models have a 
different boundary condition than the supports in this example. 
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18. Insert the strain energy density calculation commands 
a. Right click "Solution>lnsert>Commands" 

S . (g>) Transient (A5) 

S “v® Initial Conditions 
y/\ Analysis Settings 
j Thermal Condition 

Fixed Support 
Displacement 
Displacement 2 
1 J* Displacement 3 

0 fasf 


Solution 


/ Solve (F5) 


Evaluate All Results 

yj Clear Generated Data 
alb Rename (F2) 

*1 Group All Similar Children 


_J Open Solver Files Directory 
Q? Worksheet: Result Summary 


Stress Tool 
Deformation 
Strain 
Stress 
Energy 

Linearized Stress 


Fatigue 


Contact Tool 
Bolt Tool 


Probe 

Coordinate Systems 


User Defined Result 



— ^ 


1 

| Commands 



b. In the commands windows insert the following script 

Script was adapted from "Finite Element Based Solder Joint Fatigue Life Predictions for a 
Same Die Stacked Chip Scale Ball Grid Array Package". By: Bret A. Zahn, ChipPAC Inc. 
http://ansys.net/papers/nonlinear/finite element based solder joint fatigue.pdf 
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1 

/postl 

2 

allsel,all 

3 

cmsel,s,BALLl, lei ISELECT ELEMENTS FROM NAMED SELECTION 

4 

I######################################### 

5 

I CALCULATE AVERAGE PLASTIC WORK FOR CYCLE 1 

6 

subset, 4, last, 1 I SELECT THE END OF CYCLE 1 (CHANGE "4") 

7 

etable,vtable,volu 

8 

etable,vsetable, , ilwk 

9 

smult,pwtable,vtable,vsetable 

10 

ssum 

11 

*get,sumplwk,ssum„item,pwtable 

12 

*get,sumvolu,ssum„ ten ,vtable 

13 

wavgl=sumplwk/sumvolu 

14 

I######################################### 

15 

I CALCULATE AVERAGE PLASTIC WORK FOR CYCLE 2 

16 

subset,8,last,l I SELECT THE END OF CYCLE 1 (CHANGE "4") 

17 

etable,vtable,volu 

18 

etable,vsetable, , ilwk 

19 

smult,pwtable,vtable,vsetable 

20 

ssum 

21 

*get,sumplwk,ssui „ ,pwtable 

22 

*get,sumvolu,ssui „ ,vtable 

23 

wavg2=sumplwk/sumvolu 

24 

I######################################### 

25 

I CALC DELTA AVERAGE PLASTIC WORK 

26 

dwavg=wavg2-wavgl 


The "CMSEL command in line 3 has the "Named Selection" called BALL1 that was 
created to select the solder volume of interest. Similar code snippets can be added for 
each solder volume of interest. 

The subset command in line 6 selects the load step for the end of cycle 1 
(subset, 4, last, 1) as defined before. The command in line 16 selects the end of the 
second cycle (subset,8,last,l). The numbers "4" and "8" correspond to the definition of 
the temperature cycle and need to be adjusted accordingly. 

This "Commands" file can be downloaded from: 
https://ia601508.us.archive.org/21/items/Commands/Commands.txt 
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19. Save your model. Close "Mechanical" and save the model in the main project window 


File 

View Tools Units 

Extensions Jobs 


New 

Ctrl+N 

i3 

Open... 

Ctrl 40 

* 

Save 

Ctrl+S 


Save As... 



Re-open mechanical by double clicking the "Model" 


W 

A 

1 

^ Transient Structural 

2 

^ Engineering Data 


.3 

j 

1 vFj Pprimptri 1 


4 

# Model 


i 

5 

S^-etup^ 

* ^ 

6 

S(|] Solution 

° A 

7 

Results 

a A 


Transient Structural 


20. Click solve. ~> Solve T 
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21. Calculate the number of cycles to failure from the result: 

a. Click "Solution>Solution lnformation>Worksheet" 

a v© ^ ,utk:i : n .. f .^ 61 _ 


Solution Information 


Directional DeTTomnation 

Strain Energy 
V'S Commands (APDL) 


of "Solution Information" 


+++**+++++++++++*+++++++++++■*■++■ 

* ANSYS Release 17.2 
++*+++++#+++++**+++++++++#++*++‘ 

* 

* Copyright 2016 SAS IF r Inc. j 

* Unauthorized use r distributioi 

* prohibited. 


Graphi cs Worksheet 
Messages 


b. Press "CTRL+F" 

c. Enter "DWAVG" in the "Find" window 


tti-* .t .-I-, -n 


■i r,f.r.f, 


tt'-r ." lr P nr. 


3 r.r.r,f-. 


Find 


X 


Find: 


| DWAVG 


I I Match whole w’ond only 
1^1 Highlighft all matches 


I I Match case 


Next 


CONS TAM 


"VALUE = 


"VALUE = 


PARAMETER WAVC2 = 


0 


PARAMETER 


j 


0. E944302523E-02 


0.C859654661E-02 


d. 


e. 


The DWAVG value for SAC305 can be inserted to the equation as "w aa c" on page 28 of: 
http://ansvs.net/ansvs/papers/asved ectc2004 corrected.pdf 

In the example above this would be 
Nf = 1/(0.0019*DWAVG) 

This equation calculates the number of cycles to failure for BGA solder joints loaded in 
fully reversed shear load due to temperature cycling. The calculation should give a 
number for cycles to failure for the whole element set in the report. The selection of the 
named selection is important and can have an effect on the results. 
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DISCLAIMER 

DfR represents that a reasonable effort has been made to ensure the accuracy and reliability of the 
information within. However, DfR Solutions makes no warranty, both express and implied, concerning 
the content of this report, including, but not limited to the existence of any latent or patent defects, 
merchantability, and/or fitness for a particular use. The contents of this report and the observations and 
conclusions made by DfR are not intended to be comprehensive or exhaustive. DfR has used industry 
standard practices in preparing this report and has made assumptions it views as reasonable in reaching 
the conclusions contained herein. Reasonable experts' observations and conclusions may differ after 
conducting a similar review and other factors not considered by DfR or present at the time of DfR's 
review could impact such experts' findings. While DfR recognizes that this report will help guide the 
evaluation of the device or product, DfR will not be liable for loss of use, revenue, profit, or any special, 
incidental, or consequential damages arising out of, connected with, or resulting from, the information 
presented within this report. 
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